Supramolecular materials are widely studied and used for a variety of applications; in most applications, these materials are in contact with surfaces of other materials. Whilst much focus has been placed on elucidating factors that affect supramolecular material properties, the influence of the material surface on gel formation is poorly characterised. Here, we demonstrate that surface properties directly affect the fibre architecture and mechanical properties of self-assembled cytidine based gel films.
Supramolecular materials are under intense investigation in many areas such as conducting materials, energy and information storage, tissue engineering, sensors, coatings or catalysis 1-3 due to their ability to self-heal, mimic biological functionalities and form structures with precise nano-scale order and interactions. 4 The functionality and application potential of supramolecular materials is closely linked to their chemical, physical and mechanical properties which in turn are affected by processing conditions and gelation triggers such as concentration, pH, temperature, solvent and enzymes. [5] [6] [7] Among the factors affecting supramolecular self-assembly, the influence of the surrounding material surface on bulk gel properties has received little attention. The effect of surfaces on the formation of self-assembled monolayers is well established 8 and a recent example demonstrated that the structure of a surface (i.e. graphite) can provide a template for monolayer formation and guide 2D self-assembly of molecules ( p-terphenyl-3,5,3 00 ,5 00tetracarboxylic acid) with matching dimensions. 9 As surfaces can template and influence the self-assembly of monolayers we hypothesised that material surfaces may also have the potential to influence self-assembly of gelators and hence affect the properties of the resulting gels. To date the interplay between surface properties and bulk gelation is poorly understood and existing reports mostly focus on confinement of the self-assembly trigger to the surface. For example, it was shown that self-assembly can be triggered with surface immobilised enzymes to form fibres 10 or electrochemically to form gel films. 11 A direct influence of surface morphology on self-assembly was observed when diphenylalanine was placed in contact with either glass or a microporous mixed cellulose ester membrane, where the gelator formed nanofibres and microvesicles, respectively. 7, 12 Although the material surface has been recognised to play an important role in the self-assembly process 13 the effect of this interaction on gel properties has not yet been demonstrated. Here, we report for the first time a direct relation between material surface properties and the physical properties of a gel film formed on the surface (Fig. 1) .
To investigate the effect of surface properties on physical gel characteristics we formed gel films from one recently synthesized cytidine derivative, the N-(1-((2R,4S,5R)-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-2-oxo-1,2-dihydropyrimidin-4-yl)octanamide (C14-cytidine) 14 on surfaces displaying two different chemical functionalities. The gelator is currently under investigation as a class of drug delivery system with low toxicity 14 and we expect that its amphiphilic nature would enable it to interact differently with surfaces of high or low hydrophobicity. Piranha cleaned glass was used as a polar surface (WCA = 24 AE 21) and silanisation of that glass surface with trimethoxyphenylsilane introduced phenyl groups providing a hydrophobic (WCA = 82 AE 21) surface. ToF-SIMS analysis confirmed the presence of phenyl-groups. The linear ion fragments C 4 H 3 + and C 5 H 3 + have previously been reported as characteristic ToF-SIMS ions from phenyl-surfaces 15 and their intensity was significantly increased on the surface after silanisation ( Fig. 2A) , confirming chemical modification of the surface. The topography of the surfaces was measured by AFM (Fig. 2B) . The OH-surface was smooth and featureless, while the Ph-surface displayed a structured topography. Gel films were formed on the two surfaces using the C14-cytidine (Fig. 3A) using an anti-solvent approach i.e., dissolving the gelators in ethanol and then adding the ethanol solution to water. The gelator is soluble in ethanol at the required concentration and temperature but insoluble in water. The gelator formed a fibrillar network (Fig. 3B ). AFM data (see Fig. S1 in ESI †) showed that on both surfaces the C14-cytidine formed a micrometer thick gel film (1.0 AE 0.2 mm).
In order to evaluate if the gel films are homogeneous over the whole sample, AFM images were taken at extreme points across the sample and the fibre diameters were determined ( Fig. S3 in ESI †). The gels' fibre diameters were found to be comparable at various locations on both surfaces, confirming that gelation occurred uniformly over the whole surface.
To establish if surface properties affect the physical and mechanical properties of the self-assembled cytidine gelator, AFM was used to measure the diameter of the self-assembled fibres as well as the Young's modulus of the gel film. When comparing the fibre diameter of both gelators on the two surfaces, significantly larger values were obtained on the Ph-surface (61.7 AE 4.4 nm) than on the OH-surface (47 AE 9 nm) (Fig. 3C) . This indicates a different interaction between the gelator molecules and the surface that ultimately leads to differences in the self-assembly pathway and the molecular architecture of the gels. To assess if this effect is restricted to self-assembly processes in the proximity of the modified surface or if it extends further into the bulk of the gels we measured fibre diameters from gels prepared in vials whose surfaces were also modified to display OH and phenyl groups ( Fig. S4 in ESI †). No significant differences in the fibre diameters were found, indicating that the range of the surface effect may be limited.
To investigate if the different fibre architectures are accompanied by different mechanical properties in the gel films, the relative mechanical properties (Young's modulus) of gels obtained on the two surfaces were measured via nanoindentation with AFM. Nanoindentation measurements can be used for films as thin as 1 mm 16 and are therefore suitable for the present gel films (thickness: 1.0 AE 0.2 mm).
The data was plotted as histograms and fitted to a gamma distribution ( p-value o 0.01). The distributions of the stiffness measurements and the skewness of the curve fits (a values) are presented in Fig. 4 . The Young's moduli measured on both samples are distributed over the same range (10-600 MPa). The relatively high Young's moduli (values in the kPa range are typical for solvated gels measured in bulk 17 ) can be explained by the fact that these gels have been dried and their mechanical properties measured as thin films on solid substrates rather than bulk conditions. The datasets for each surface were compared through the parameter a which is indicative for the skewness of the distribution. An unpaired t-test ( p-value o 0.10) showed that the skewness was significantly different (t = 2.696, df = 4) on each surface. These results quantitatively demonstrate a distinct difference in the distribution of stiffness values of gel films obtained on different surfaces, indicating that gel films on Ph-surfaces (more hydrophobic and rougher) are stiffer than those on OH-surfaces (more hydrophilic, smoother).
The effect of different surfaces on supramolecular gel film properties was investigated and quantified for the first time.
